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Abstract: With the increase of the complexity of 
automotive control, it is necessary to develop 
AEIICS (Automotive Electronic and Information 
Integrated Control System) for exchanging 
information between ECUs (Electronic Control 
Units) based on in-vehicle network technology. We 
named the parameter (or variable) contained in and 
transmitted by frame as signal. Period and deadline 
are basic temporal characteristics for signal and 
frame. Designers mainly focus on directly designing 
the period and deadline of frame but omit the 
temporal characteristic relationship between signal 
and frame. In this paper, we researched on the 
calculation method of period and deadline of frame 
according to the temporal characteristic of signal. 
Based on the period of signal, we proved the period 
of frame is the minimal period of signals composing 
this frame. Considering the possible time offset 
between the production time of data of signal and 
the first transmission time of frame containing this 
data, we deduced the calculation formula of 
deadline of frame by applying GCRT (Generalized 
Chinese Remainder Theorem). 
 
Key-Words: Automotive electronic; In-vehicle 
network; Networked control; Temporal 
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1.  INTRODUCTION 
Nowadays, with the requirements of security, comfort 
and environment protection, automobiles are more and 
more equipped with ECUs (Electronic Control Units) 
to implement different control functions. These 
functions require the use of real-time and reliable 
exchange of information between different ECUs, 
sensors and actuators. But it is impossible to realize this 
exchange of information through the traditional 
point-to-point links which would induce a 
disproportionate length of cable, an increase of cost and 
production time, reliability problems and other 
drawbacks. Thus, it is essential to develop AEIICS 
(Automotive Electronic and Information Integrated 
Control System) with in-vehicle network for sharing 
information and implementing real-time and correlative 
control between ECUs [1]. 
At the beginning of 1980s the engineers of the 
automotive manufacturers assessed the existing field 
bus systems for their using in vehicles [2]. With the 
development of in-vehicle network technology, the 
typical in-vehicle network protocols are LIN [3], CAN 
[4]-[6], TTCAN [7]-[9], TTP/C [10], FlexRay [11], and 
MOST [12] etc. which have different characteristics 
and are applied in different automotive domains. 
All kinds of status information and control information 
are basic parameters for well-working of AEIICS. In 
this paper, we named the parameter (or variable) 
transmitted through in-vehicle network as signal. The 
instance of signal, termed as the data of this signal, 
identifies different parameter value in AEIICS. For 
example, engine speed is a signal. 1000rpm is one data 
of engine speed and a parameter value of engine control 
system. In a word, the basic function of AEIICS is to 
share datum of signals between different ECUs based 
on in-vehicle network technology. 
Signal transmission in AEIICS is implemented by 
frame which is the information unit exchanged in data 
link layer of ISO/OSI (International Standardization 
Organization/Open System Interconnect) Reference 
Model. Before sending signals, data link layer packages 
signals into frame with specific in-vehicle network 
protocol format. Every frame includes not only the data 
of signal but also some additional control information 
such as synchronization information, address 
information and error control information etc. 
Currently, research of AEIICS focuses on network 
message scheduling, system performance analysis and 
system development method etc [13]. Period and 
deadline are primary parameters to describe temporal 
characteristics for signal and frame in AEIICS. In 
system design process, period and deadline of signal 
depend on sampling period of sensor, control algorithm 
 
and experience of system engineer etc., the period and 
deadline of frame depend on the temporal characteristic 
of signal. However, in current research and design of 
AEIICS, researchers and engineers mainly focus on 
directly designing the period and deadline of frame but 
omit the temporal characteristic relationship between 
signal and frame (such as SAE J1939 [14]). Because of 
directly specifying the period and deadline of frame in 
system design, it couldn’t ensure the temporal 
characteristic of signal and there would be system 
security problem induced by this kind of design 
method. 
In this paper, we mainly research on the calculation 
method of period and deadline of frame in AEIICS. 
This paper is organized as follows: In section 2, we 
described the characteristics of signal and frame of 
AEIICS with tuples respectively. In section 3, we 
defined the conditions with which the period of frame 
should be satisfied. We also presented and proved the 
calculation formula of period of frame according to the 
periods of signals. By illustrating the deadline of frame 
isn’t always the minimal deadline of signals composing 
this frame, in section 4, we deduced the calculation 
formula of deadline of frame according to the temporal 
characteristics of signals. In section 5, we calculated the 
period and deadline of frame containing lighting 
control signals as a case study. Finally, in section 6 we 
concluded and presented future work. 
2.  FORMAL DESCRIPTION FOR CHARACTERISTICS 
OF SIGNAL AND FRAME IN AEIICS 
Regarding temporal characteristic as the main 
description object, each signal ( ) in AEIICS is 
characterized by a tuple ( , , , ): 
is
+Ζ∈i
•
iN
•
iT
•
iD
•
iC
•
iN  is the node (i.e. ECU) sending . is
•
iT  is the production period of . In practice the clocks 
of the nodes are not synchronized but it is assumed that 
the first production time of all signals on the same node 
takes place at the same time.  
is
•
iD  is the deadline of . It is the maximal interval 
between the production of  on the sending node and 
its reception by all consumers. Usually, it is assumed 
that the deadline of  is equal to its period: . 
is
is
is =
•
iD
•
iT
•
iC  is the size of  in bits with the assumption that  
is always smaller than or equal to the maximal data 
field size of frame (i.e. there is no segmentation of a 
signal). For CAN data frame, the maximal signal size is 
64 bits because the maximal data field size of CAN data 
frame is 8 bytes. 
is
•
iC
Each frame  ( ) in AEIICS is characterized by 
a tuple ( , , , , ): 
jf
+Ζ∈j
jN jT jD jC jP
jN  is the node (i.e. ECU) sending . jf
jT  is the transmission period of . The value of  
depends on the temporal characteristics of signals 
composing . 
jf jT
jf
jD  is the deadline of . The value of  depends on 
the temporal characteristics of signals composing . 
jf jD
jf
jC  is the size of  in bits. It consists of the size of the 
data field and the size of the frame overhead. 
jf
jP  is the priority of  for the priority MAC protocol. jf
This paper focuses on how to obtain the period and 
deadline of frame according to the temporal 
characteristics of signals in AEIICS. 
 
3.  CALCULATION METHOD OF PERIOD OF FRAME 
BASED ON TEMPORAL CHARACTERISTICS OF 
SIGNALS 
3.1 Problem description 
It is assumed that frame  consists of signals { , 
, …, }( ). The periods of  and 
( ) are ( ) and (
kf
ks1
ks2
k
ns
+Ζ∈nk, kf
k
is
+Ζ∈i kT kT
+Ζ∈
•
iT
•
iT
+Ζ∈ ) 
respectively. As shown in Fig.3.1, the calculation 
problem of the period of  can be described as 
follows:  
kf
One finds out the maximal value of  which ensures 
that the data of  produced at ki 
kT
k
is ∗
•
iT )( Ν∈ik  can be 
transmitted before )1( +ik ∗
•
iT  for ∀
k
is ∈{ , , …, 
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Fig.3.1 When  is transmitted with , the data of  
produced at ki 
kf kT
k
is
∗
•
iT )( Ν∈ik  can be transmitted before 
)1( +ik ∗
•
iT . 
 
3.2 Calculation method of period of frame 
 
It is assumed that frame  consists of signals { , 
, …, }( ). The periods of  and  
( ) are ( ) and ( ) respectively. 
Every signal of { , , …, } has the same first 
production time.  is the signal with the minimal 
period of signal set { , , …, }, i.e. min 
{ | { , , …, }}. It is also assumed that the 
transmission time of  is synchronized with the 
production time of . 
kf
ks1
ks2
k
ns
+Ζ∈nk, kf
k
is
+Ζ∈i kT kT
+Ζ∈
•
iT
•
iT
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ks1
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k
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ksmin
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k
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•
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•
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k
is ∈
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k
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kf
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Before deducing the calculation method of period of 
frame, we firstly introduce one of the divisibility 
theorems. 
Theorem 1: Assuming b  and b , any integer a 
can be uniquely formulized as follows: 
Ζ∈ 0≠
a = b∗q+r 
where q, r  and Ζ∈ br <≤0 . 
For { , , …, }, applying theorem 1, the 
duration of  between 
∀ kis ∈
ks1
ks2
k
ns
k
is
•
∗ ii Tk )( Ν∈ik  and 
 is formulized by: 
•
∗+ ii Tk )1(
=∆ki q∗ r                                                       (3.1) +kT
where q, r  and Ζ∈ kTr <≤0 . 
Setting , kT min
•
= T
because 
=∆ki  ki∗                                (3.2) −∗+
•
ii Tk )1( =
•
iT
•
iT
and , 
•
iT min
•
≥T
thus: 
=∆ki q∗ r                                                   (3.3) min
•
T +
where q, r  and q , . Ζ∈ 1≥ <≤ r0 min
•
T
Therefore,  is transmitted for q (q  and q ) 
times during the duration [ , ), i.e.  
contained by  is transmitted for q times. It ensures 
that the data of  produced at  can be 
transmitted by  before . 
kf Ζ∈ 1≥
•
∗ ii Tk
•
∗+ ii Tk )1(
k
is
kf
k
is
•
∗ ii Tk )( Ν∈ik
kf
•
∗+ ii Tk )1(
It has proved  can be the period of . We will 
prove  is the maximal allowed period of  by 
using reduction to absurdity as follows. 
min
•
T kf
min
•
T kf
It is assumed that  is not the maximal allowed 
period of . Then there exists (
min
•
T
kf min
•
T ε+ )  is 
the maximal allowed period of , i.e. 
)( +Ζ∈ε
kf kT min
•
= T ε+ . 
According to formula (3.1), we obtain: 
=∆ki q∗ ( min
•
T ε+ ) r +
where q, r Ζ∈  and . )(0 min ε+<≤
•
Tr
Setting , 
•
iT min
•
= T
according to formula (3.2): 
k
min∆ min
•
= T = q∗ ( min
•
T ε+ ) + r                          (3.4) 
where q, r Ζ∈  and  q 0≤ , . )(0 min ε+<≤
•
Tr
Therefore, when  is transmitted with period 
(
kf
min
•
T ε+ ), it can’t ensure that the data of  produced 
at 
k
is
•
∗ ii Tk )( Ν∈ik  will be transmitted by  before 
 during the duration [ , ). 
kf
•
∗+ ii Tk )1(
•
∗ ii Tk
•
∗+ ii Tk )1(
Thus, the assumption is wrong. 
Finally, we obtain the maximal allowed period of , i.e. 
the period of  defined by us is: 
kf
kf
=kT min
•
T                                                               (3.5) 
4.  CALCULATION METHOD OF DEADLINE OF 
FRAME BASED ON TEMPORAL CHARACTERISTICS 
OF SIGNALS  
4.1 Problem description 
When it is assumed that the transmission time of frame 
containing signals { , , …, }( ) is 
synchronized with the production time of , we have 
known that the period of  is , the minimal 
period of signal set { , , …, }. So should we 
conclude that the deadline of  is the minimal 
deadline of the set { , , …, }? 
kf
ks1
ks2
k
ns
+Ζ∈nk,
ksmin
kf min
•
T
ks1
ks2
k
ns
kf
ks1
ks2
k
ns
Because there is possible offset [15] between the 
production time of the data of signal and the first 
transmission time of the frame containing this data, the 
deadline of  is not the minimal deadline of signal set 
{ , , …, } . 
kf
ks1
ks2
k
ns
The calculation problem of the deadline of  can be 
described as follows: for ∀ { , , …, }, one 
finds out the value of  which ensures that the 
response time of  satisfies with the requirement of 
deadline of  if the response time of  satisfies with 
the requirement of deadline of . 
kf
k
is ∈
ks1
ks2
k
ns
kD
k
is
k
is kf
kf
In order to calculate the deadline of , we firstly 
present and prove the mathematic formula between the 
production times of two periodic signals. 
kf
 
 This states that the interval between the production 
times of any two datum of two periodic signals always 
equals to the integer multiple of the great common 
division of their periods if these two periodic signals 
have the same initial time. 
4.2 Relationship between the production times of 
two periodic signals 
GCRT (Generalized Chinese Remainder Theorem): 
For any , a common residue equation set nji ≤<≤1  
⎪
⎪
⎩
⎪
⎪
⎨
⎧
≡
≡
≡
)(mod
)(mod
)(mod
22
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nn max
max
max
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4.3 Calculation method of deadline of frame  
It is assumed that frame  consists of signals { , 
, …, }( ). The period and deadline of 
( ) is  ( ) and (
kf
ks1
ks2
k
ns
+Ζ∈nk,
k
is
+Ζ∈i
•
iT iT
+Ζ∈
•
iD
•
iD
+Ζ∈ ) 
respectively. Every signal of { , , …, } has the 
same first production time.  is the signal with the 
minimal period of signal set { , , …, }, i.e. 
min{ |
ks1
ks2
k
ns
ksmin
ks1
ks2
k
ns
=
•
minT
•
iT
k
is ∈{ , , …, }}. The period and 
deadline of  is ( ) and (
ks1
ks2
k
ns
kf kT kT
+Ζ∈ kD kD
+Ζ∈ ) 
respectively. The transmission time of  is 
synchronized with the production time of . As 
shown in Fig.4.1,  is defined as the time 
offset between the production time of the data of  
and the first transmission time of  containing this 
data (because the data of  maybe be transmitted more 
than one time);  is defined as the 
maximal value of .  
kf
ksmin
),(
•
ik TTOffset
k
is
kf
k
is
),(max
•
ik TTOffset
),(
•
ik TTOffset
has a solution if and only if: 
))gcd((mod jiji mmaa ，≡                                     (4.1) 
When n=2, the common residue equation set 
⎩
⎨
⎧
≡
≡
)(mod
)(mod
22
11
max
max
 
has a solution if and only if  
)),gcd((mod 2121 mmaa ≡                                       (4.2) 
Given two periodic signals  and  with periods  
and , and the production time  and 
 respectively, it is assumed that they 
have the same initial time. We will deduce the 
relationship between  and  using GCRT. 
1s 2s
•
1T
•
2T ),( 21
+
••
Ζ∈TT 1p
2p ),( 21 Ν∈pp
1p 2p
Because  and  are periodic signals, 1s 2s
thus ,  and  can be formulized by: Ν∈∃ 21,kk 1p 2p
•
∗= 111 Tkp  
Because there is possible time offset between the 
production time of the data of  and the first 
transmission time of  containing this data. 
k
is
kf
•
∗= 222 Tkp  
Thus: 
0mod 11 =
•
Tp  Thus the deadline of  is defined as the minimal value 
of the difference between and , i.e.: 
kf
•
iD )(max
•
ik TTOffset ，
0mod 22 =
•
Tp  
i.e.: 
}}{|)(min{ 21max
k
n
kkk
iikik ssssTTOffsetDD ，，，， L∈−=
••
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•
T
thus:  
Thus the common residue equation set  
}}{|)(min{ 21minmax
k
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kkk
iiik ssssTTOffsetDD ，，，， L∈−=
•••
. 
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⎪
⎨
⎧
≡
≡
•
•
)(mod
)(mod
22
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 Thus the key of calculating the deadline of  is to 
calculate .  
kf
)(max
•
ik TTOffset ，
has solution and the solution is x=0. In order to calculate , it is assumed that 
is the production time of the data of ,  is the first 
transmission time of  containing this data. Then 
 equals to . 
)(max
•
ik TTOffset ，
•
it
k
is kt
kf
)(
•
ik TTOffset ， −kt
•
it
According to GCRT, we know: 
)),gcd((mod 2121
••
≡ TTpp  
i.e.  2121 |)gcd( ppTT −
••
，
thus q , ∃ Ζ∈
 )gcd( 2121
••
∗=− TTqpp ，                                    (4.3) 
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Fig.4.1 : time offset between the production time of the data of  and the first transmission time of 
 containing this data; : the maximal value of . 
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Because  , min
•
= TTk
thus:  
kt =  mink ∗ min
•
T )( min Ν∈k
•
it =  ik ∗
•
iT )( Ν∈ik
Thus: 
−kt =
•
it mink ∗ −
•
minT ik ∗
•
iT ,  
and 
mink ∗ −
•
minT ik ∗
•
iT 0≥  
According to the definiton of time offset: 
−kt
•
it < min
•
T  (shown in Fig.4.2) 
i.e. <  ≤0 mink ∗ −
•
minT ik ∗
•
iT min
•
T
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Fig.4.2 The relationship between  and  )(
•
ik TTOffset ， kT
 
According to formula (4.3), the production times of any 
two datum of two periodic signals have the relationship 
as: 
)gcd( 2121
••
∗=− TTqpp ， , i.e.: 
)gcd( 212211
••••
∗=∗−∗ TTqTkTk ，  
Setting , , 
••
= 1min TT
••
= 2TTi
thus: 
mink ∗ −
•
minT ik ∗
•
iT )gcd( min
••
∗= iTTq ， ( Ν∈q ) 
Thus the key of calculating the maximal value of 
mink ∗ −
•
minT ik ∗
•
iT  is to calculate the maximal value of 
. )gcd( min
••
∗ iTTq ，
And because  is a constant, )gcd( min
••
iTT ，
thus the key of calculating the maximal value of 
mink ∗ −
•
minT ik ∗
•
iT  is to calculate the maximal value of 
q. 
We calculate the maximal value of q as follows: 
Because ≤0 mink ∗ −
•
minT ik ∗
•
iT < , i.e.: min
•
T
)gcd(0 min
••
∗≤ iTTq ， <  min
•
T
thus: 
)gcd( min
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••
•
<
iTT
Tq
，
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Thus: 
kD =min{ } −
•
iD )}(max
•
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      )}gcd({min minmin
••••
+−= ii TTTD ，
Therefore, the deadline of : kf
)}gcd({min minmin
••••
+−= iik TTTDD ，               (4.4) 
If = , 
•
iD
•
iT
)}gcd({min minmin
••••
+−= iik TTTTD ，                (4.5) 
 
5. CASE STUDY 
There are many lighting control signals in AEIICS. We 
usually configure all these signals into one frame which 
is transmitted through in-vehicle network. Because of 
different importance, there are different sampling 
period and real- time request for each lighting control 
signal. As shown in Table 5.1, it is different for the 
periods and deadlines of these signals. Here we assume 
that the deadline of lighting control signal is equal to its 
period. 
 
Table 5.1 Periods and deadlines of lighting control 
signals 
Signal Name Period (ms) 
Deadline
(ms) 
Running Light Command 500 500 
Alternate Beam Head Light 
Command 80 80 
Low Beam Head Light 
Command 80 80 
High Beam Head Light 
Command 80 80 
Front Fog Lights Command 100 100 
Right Turn Signal Lights 
Command 50 50 
Left Turn Signal Lights 
Command 50 50 
Back Up Light Command 50 50 
Marker Light Command 500 500 
Rear Fog Light Command 100 100 
Lighting Data Request 
Command 500 500 
Work Light Command 500 500 
 
min
•
T =min { | { , , …, }} 
•
iT
k
is ∈
ks1
ks2
k
ns
= min{500, 80, 80, 80, 100, 50,  
50, 50, 500, 100, 500, 500} 
= 50(ms) 
Applying formula (3.5), 
kT = min
•
T  
= 50(ms) 
min
•
D =min { |
•
iD
k
is ∈{ , , …, }} 
ks1
ks2
k
ns
= min{500, 80, 80, 80, 100, 50,  
50, 50, 500, 100, 500, 500} 
= 50(ms) 
Applying formula (4.4), 
)}gcd({min minmin
••••
+−= iik TTTDD ，  
  = min{500, 40, 40, 40, 100, 50,  
50, 50, 500, 100, 500, 500} 
= 40(ms) 
 
According to the culculaiton results, we know the 
deadline of frame isn’t always equal to the minimal 
deadline of signals. It is essential to obtain the deadline 
of frame with formula (4.4) because it will affect on the 
analysis of system schdulability and the selection of 
nework transmission rate if we configure the deadline 
of frame as the the minimal deadline of signals 
composing this frame. 
6. CONCLUSION 
In this paper, we researched on the temporal 
characteristic relationship between signal and frame in 
automotive electronic and information integrated 
information control system. We proved the period of 
frame is the minimal period of signals composing this 
frame. By applying GCRT, we put forward the 
mathematic formula of the difference between the 
production times of two periodic signals. Based on this 
formula, we finally deduced the calculation formula of 
deadline of frame with the temporal characteristic of 
signals as input parameters. In SAE J1939 protocol, the 
periods and deadlines of some messages are specified, 
but others depends on the decision of system designer. 
The further research will focus on the conditions which 
make the period and deadline of frame equals to the 
minimal period and deadline of signals composing this 
frame and keep the period and deadline of frame when 
other signals are inserted into this frame. 
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